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A COAL-BURNING SOLID-ELECTROLYTE FUEL CELL POWER PLANT 

by 

R. L. Zahradnik 
L. T.ikan 
D. H. Archer 

ABSTRACT 

A plant is proposed which combines a coal-gasification unit with 
a high-temperature solid-electrolyte fuel cell battery to produce an 

efficient power generation system. The special requirements imposed on 
the gasifier by its coupling with a fuel cell battery are discussed and 
two avenues of investigation - one experimental, one analytical - are 
proposed. 
presented and preliminary projections of plant economics and characteristics 
are reported. The many research and development problems, which must be 
solved before such plants are technically and economically feasible, are 

The results of a computer simulation of the overall plant are 

pointed out, and the progress made towards their solution is discussed. 
This work was sponsored by the Office of Coal Research, Depart- 

- 
ment of Interior under Contract 14-01-0001-303. 
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I n t r o d u c t i o n  

The d i r e c t  convers ion  o f  t h e  energy o f  c o a l  i n t o  u s e f u l  

e l e c t r i c a l  power has  long  commanded t h e  s e r i o u s  a t t e n t i o n  of many 

i n v e s t i g a t o r s .  Th i s  paper  desc r ibes  how i n  p r i n c i p l e  a c o a l  g a s i f i c a t i o n  

u n i t  can  be combined w i t h  a h igh  tempera ture  s o l i d  e l e c t r o l y t e  f u e l  c e l l  

b a t t e r y  to  produce j u s t  such a d i r e c t  energy convers ion  system. Before 

t h e  d e t a i l s  cf t h i s  s y s t e a  a r e  d i scussed ,  however, i t  may be we l l  t o  review 

some o f  the p r o p e r t i e s  and c h a r a c t e r i s t i c s  o f  t,he s o l i d - e l e c t r o l y t e  f u e l  

C e l l  and t o  c i t e  some o f  i t s  o p e r a t i n g  c h a r a c t e r i s t i c s  f o r  r e fe rence  a 

l i t t l e  l a t e r  on. 

S o l i d  E l e c t r o l y t e  Fuel Cell 

The b a s i c  component of t h e  Westinghouse r c , l i d  e l e c t r o l y t e  f u e l  

c e l l  i s  the z i r c o n i a - c a l c i a  O K  z i r c o n i a - y t t r i a  e l e c t r o l y t e .  Th i s  m a t e r i a l  

i s  an impervious ceramic  which has the unique a b i l i t y  t o  conduct 3 c u r r e n t  

by t h e  passage of O= i o n s  through the  c r y s t a l  l a t t i c e .  

which these  ions  p a s s  through t h e  e l e c . t r o l y t c  i s  measured by  t h e  e l e c t r i c a l  

r e s i s t i v i t y  oi- t h e  e l e c t r o l y t e .  V a l u e s  of t h i s  r e s i s t i v i t y  f o r  both types  

of  e l e c t r o l y t e  a s  f u n c t i o n s  of t,emperature have been publ i shed  i n  s e v e r a l  

p t aces .  ('s5) 

Fuel c e l l s  have been made by a p p l y i . n g  pcrous plat i rurn e l e c t r o d e s  

t o  t h i s  ma te r i a l .  (16) 

hove been discussed"! a r d  optimized b a t t e r i e s  cons t ruc t ed  from such c e l l s  

iiave been descr ibed .  ( 4 )  

and c o n s i s t  of s h o r t ,  c y l i n d r i c a l  e l e . c t r .> ly t e  segments of about 30 m i l s  

t h i ckness  shaped so t h a t  t hey  can be f i t t e d  one i n t o  t h e  o t h e r  and 

connected i n t o  long  t u b e s  by be l l - and- sp igo t  j o i n t s ,  as shown i n  F igure  1. 

The o v e r a l l  l eng th  of  an i n d i v i d u a l  segment i s  1.1 cm, wi th  a mean diameter 

o f  1 .07 cm. 

E lec t rodes  are a p p l i e d  t o  t h e  in s ide ,  and t h e  o u t s i d e  o f  t h e s e  segments 

which then  have a n  o v e r a l l  r e s i s t a n c e  o f  about 0 .2  - 0 . 3 f l .  The inne r  

e l e c t r o d e  of one segment i s  a t t a c h e d  t o  t h e  o u t e r  e l e c t r o d e  of  t h e  ad jacen t  

The ease  with 

The npt-rat ing  p r i c c i p l e s  of  t h e  r e s u l t a n t  c e l l s  

I n  b r i e f  t hese  b a t t e r i e s  ope ra t e  a t  about lO0OoC 

3 The segment weighs 2 g and occupies  a volume of 2.0 cm . 
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segment. in this way connecting the individual segments electrically in 

series. Gaseous fuel passes through the center of the resultant, segmented 

tube, and oxygen or air is supplied on the outside. Figure 2 shows two 
15-cell batteries constructed on this principle. 

The performance of this and similar batteries has been evaluated 
for a variety of fuels, using either air and pure oxygen as the oxidizing 

agent. 

open circuit voltage of 2.9 volts. 
was 750 ma/cm , 

With H2 fuel and pure 02, a three cell battery has produced an 
The current density at maximum power 

2 At the maximum power point the battery produced 2.1 watts; 
and each cell segment 0.7 watt.- about the same as an ordinary flashlight 
battery . (’ ’ 3, 

t 

Svs tern Configuration i 

In order to utilize such batteries in the production of electrical 
power from coal, it is necessary to devise a reasonable overall system for 
the purpose. As fas as the present type cell is concerned, a gaseous fuel 

t is required for cell operation. 
fuel cell batteries, the scheme shown in Figure 3 has been devised. 

In order to provide such a fuel to the 

Essentially, coal (indicated as carbon on the figure) is 
introduced into a reactor, into which recirculating gases from cell bank 

1 

1 also enter, Cell bank 1 consists of a number of fuel cell batteries of 
the kind just described. The gases from this cell bank consist primarily 
of CO and CO (along with H and H20) in some definite ratio. In the 

reactor, some CO 

coal. 
higher CO/C02 and H /H 0 ratios than that of the entering gas. 
leaving the reactor is then cleaned and passed, without cooling, into the 

fuel cell bank 1. There it serves as fuel for the cell unit, combining 
with oxygen which has been ionically transported through the cell electrolyte. 
resulting in power generation, 
into two streams. One stream is recirculated to the reactor at a given 

recycle rate, completing the major system loop. 

2 2 
2 2 and H 0 is reduced to H2 and CO by reacting with the 

This results in a gas composition leaving the reactor which has 
The gas 

2 2  

1 The gases leaving this cell bank are split 

\\ 
The second stream is Sent 

\o 

> to fuel cell bank 2, which completes the combustion of CO to C02 and H2 to 
I 
I 

. .  
, 
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The reason f o r  t h i s  system c o n f i g u r a t i o n  i s  t k a t  i t  a l lows  a l l  

of t h e  oxygen which e n t e r s  t h e  system to r e a c t  wi th  t h e  coa l  ta pass  through 

t h e  e l e c t r o l y t e  and thereby  c o n t r i b u t e  t o  t h e  e l e c t r i c a l  energy output  of 

t h e  system. I n  a d d i t i o n ,  by l i m i t i n g  t h e  degree  of o x i d a t i o n  ir, c e l l  back 

1, t h e  concent ra t ions  o f  CO and H . 0  e n t e r i n g  t h e  r e a c t o r  tire o n l y  j l i g h t l : ,  

removed from t h e i r  e q u i l i b r i u m  va lues .  T h i s  means rhe bed o p z r a t e s  under 

more n e a r l y  r e v e r s i b l e  c o n d i t i o n s ,  s o  t h a t  c v e r a l l  t h e  maximum e l ? c t r i c Y l  

energy output  from t h e  coal-oxygen r e a c t i o n  i s  recovered.  :n o r d e r  t 3  

o b t a i n  such recovery ,  however, an o v e r - s i z e  coa l  r e a c t o r ,  e x - e s s i v o l y  largi. 

c e l l  banks r e l a t i v e  t o  t h e  power produced a c d  high r e c y c l e  r a t e s  would have 

t o  be  employed. A compt-omise must be  e f f e c t e d  bctween t h e  d e s i r e  t o  0bta i .n  

high recovery end t h e  d e s i r c  t o  o v c i d  l a r g e  and ejcpensi.ve equipmcnt. Mucl? 

o f  t h e  work t o  d a t e  on  t h i s  system has been gea.red t o  10c3t.f those  cptirnun! 

c o n d i t i o n s  which b e s t  e f f e c t  t h i s  compxomisc. 

2 2 

Reactor  Considerat  Loins 

Because t h e  r e a c t o r  must c o n t r i b u t e  t o  an  o v e r a l l  system optinium, 

c e r t a i n  of i t s  des ign  f e a t u r e s  must be t a i l o r e d  s p e c i f i c a : l y  to  t h e  C E Z ~  

o f  g a s i f y i n g  c o a l  i n  a r a t h e r  unusu.21 way. I n  most ccnvent iona l  g a s i f i e r s , ,  
-. uxygtxi i a  irii.ruducrd ai- surne puin i  d i r e c i i y  i n t o  kina reaciur. i n c  i u e l -  

c e l l  power p l a n t  has  been so des igced ,  however, t h a t  oxysen i s  i n t r o d w c d  

i n t o  t h e  r e a c t o r  on ly  i n  t h e  form of COz. 3 0, and CO. 

considered t o  h e  g a s i f i e d  p r i m a r i l y  by t h e  two r e a c t i o p s :  

The coal  may be 2 

React ion  1 . . . 
React ion  2 ... 

c i. co2 -------t 2co 

C ,+ €l2O - H2 i CO 
which proceed a t  r a t h e r  slow r a t e s  compared t o  t h e  d i r e c t  ox. idat ion 

r e a c t i o n :  

Reac t ion  3 ... c 4. o2 + co2 
Moreover, r e a c t i o n s  (1) and (2) are endothermic,  as compared t o  r e a c t i o n  

(3) which is q u i t e  exothermic,  meaning that  h e a t  will have t o  b e  suppl ied 

t o  t h e  r e a c t o r  where (1) and (2) OCCUK. The probiem o f  supply ing  t h i s  

h e a t  cons iderably  compl ica tes  t h e  overa l l  r e a c t o r  design.  

I 

I 

i 

i 



Because reactions (1) and (2) proceed at relatively slow rates, 
it is advantageous to take steps to increase the rate of these reactions. 
Two such steps which may be taken are the maintenance of a high reaction 
temperature or the use of a highly reactive fuel. The temperature level 
of the reactor is limited, however, due to the fact that the reactions 
which occur there are endothermic. This me2-s that heat must be supplied 
to the reactor from an external source (e.g. the fuel-cell banks where 
exothermic oxidation reactions are taking place and internal battery heating 

due to I R losses is occurring). This transfer may be accomplished either 
directly through the walls of the gasifier or indirectly in the sensible 
heat of the recirculating gases. However; some finite temperature gradient 
will be required to transfer this heat, constraining the reaction temperature 

to be less than the source tempezarure. If the source is the cell banks, 
an upper temperature limit is imposed due to the mechanical and structural 
properties of the cells. This is reflected in an upper temperature limit 
on the reactor of about 1000°C. 

2 

At this temperature, many of the fuels, which appear attractive 
for fuel cell use because of the clean nature of their gasified products, 
become unusable because of their low reactivity. 
those fuels which are reactive at this temperature produce quantities of 
tars, pitches, and other impurities which may have a deleterious effect on 
cell operation. The presence of such undesirable gasification by-products 
is increased even further in the absence of a direct supply of oxygen in 
the reactor. The issue is complicated by the fact that cell performance 
is most efficient when the fuel contains high concentrations of either 
CO or H2. 

reactions (1) and (2), retarding their reaction rate. This effect compounds 
the problem of striking an effective compromise between a reasonable 
reactor size and highly efficient cell operating conditions. 

In order to study the effect of such factors as these on the 

On the other hand, 

In the reactor, however, large quantities of CO and H inhibit 2 

overall system performance, two avenues of investigation have been pursued. 
A small test reactor has been built to which a stream of gases containing 

co, cozy H and H 0 can be added, simulating the recycle gases in the 2 2 
8 
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propcsed deslgn.  Secondly a s y s t e r s  ~ t u d y  0 1  rn: ;rot-  5 t - s  p:s-t has been 

undertaken,  cu lmina t ing  in B con.puter s i - iu la tLon  of  bolt i t T and c e l l  

banks. The purpose of t h i s  5 t ~ d v  ~ 3 s  t o  denor.str3t- t h e  e n g i n t c r i n g  

f e a s i b i l i t y  of such a p l a n t ,  LO I S E ~ S S  i t s  econovi: d s c ! r a b i l i t y  and t o  

p o i n t  ou t  areas whrrc f u r t h e r  d e v c l c p w p t  Pf fo i  f wrr-! . !  h.? most bene€ic i? l .  

Test X ~ i c t c r  

The test reactor i s  shown ir. Yigure A , ,  I t  cd~>.s i i ; t s  of a 1,-3/8" 
'. N 

i , d .  inconel tube. l l lcoted in r r c i a !  fctii-::icc f l~: i ! : ice~ T h i s  z e a c t o r  

i t s e l f  is of  convent iona l  t ' i -  E X C E [ J t i O T !  O f  t W O  

slnali fuel c e i l s  w i i i c l l  31'12 10::3+.cd :it-s: i.is i:-,irt. x . 3  OO:!PI  a !'The j.g.let 

c e l l  i s  b a r e l y  vis ihlc-  ic t h e  t z,: '. T!;c : i p m  S I I ' C U : ~  vti l tages  of these,.:. 

, .. . .  . . 

. .  

c e l l s  are used t o  de te rmine  the  compositions o f  rhe i n l e t  and o u t l e t  
~ 

streams, t l i r reby p r o v i d i n g  a measure o f  t h e  ext-i?i'tr o f  g a s i f i c a t i o n  which , .._ 

o c c u r s  i n  the reactor. The use of  t h e  i e i l ~  3 s  masureriient d e v i c c s  

allows a rap id  and soiiveriient s r : d i y s i r ;  of t h c  gx;,." t i 3  be zbt.zi.?ed. . 
immediately upon t h e i r  exit fron; flit-: i 'uei b e d ,  :.:ithour cocl1r7g cI:gW&mpering 

w i t h  t h e  gas stream in any vsy.  I n i t i a l  runs  us l ag  t h i s  s e t u p  have been 

e n t i r e l y  s a t i s f a c t o r y ,  and a report  f r o o i  this l a b o r a t c r y  cn th.e observed 

t .. . 

- - * : C : - - * : - -  l r i - - + i - c  r . , < l l  55 m , . . c c n t L A  chnr+l\, 
6.."AL..-YL*-.. .. ̂ .._ -. ..- ..&.& 1 - -  -I_ .._-- _ _  ,- 

In addi t ior .  to  provid ing  k i n e t i c  d3t .3  for ?lie v a r i o u s  coals 3 f  

i n t e r e s t ,  the r e s t  r e . i c t o r  s e r v e s  scvcrra! cthc-r  pi-lrposes. I t  i: being  

used  t o  s tudy not o n l y  t h e  i n h i b i t i n g  efj'cr:. of  h i g h  CO avd R2 C-oncentraticT!; 

on t h e  g a s i f i c a t i o n ,  bu t  to examine the c f f e r t s  o f  opernt  ing v e r y  near t o  

t h e  e q u i i i b r i u n  gas composi t ions .  which y i e l d  t h c  h i  ghesr  c e l l  e f f i c i e n c y .  

The problems of c l e a n i n g  and f i l t - w i n g  t h e  r e q c t o r  o u ~ p ; r t  gases 3 r e  be ing  

examined,and t h e  e f f e c t s  o f  such marer ia ;?  8 s  f l y - a c i i ,  [ , i r - c k s ,  3r.d t a r s  

on c e l l  performance are be ing  explored ,  O v e r a l l ,  t h e  t e s t .  reactor i s  s e d  

t o  supply n e c e s s a r y  e n g i n e e r i n g  i n f o r n a t i o n  f u r  the. :onputer s i m u l a t i o n  i n  

o r d e r  t h a t  optimum sys tem o p e r a t i n g  c o n d i t i o n s  and generii f e a s i b i l i t y  carr 

be determined. 

4 

' c 
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Sys tem Simulation 

Some preliminary results of this simulation may be of interest 
at this time. The simulation includes both fixed and fluidized bed 
conditicns, operated either i,sothermally, or adiabatically. It includes 
both the reactor and cell banks 1 and 2. In the reactor the surface 
reactions between carbon and steam and CO are assumed to be controlling. 
In the gas phase, the "water gas" equilibrium were assumed to hold. Rate 

expressions of the Langmuir-Hinshelwood type were adopted for the surface 
reactions, and published data for the specific constants were employed 

in the simulation. (7y10y ""'). I n  the call banks equilibrium conditions 
were assumed to prevail as far as the gas composition was concerned, with 
the generated voltages modified tc account for both the losses due to 
internal cell resistance and those which occur due to cell polarization. 

2 

Figure 5 illustrates how the gas composition varies in its 
passage through the main system loop, as predicted by the computer 
simulation. Note that as C 0 2  and H20 react with the carbon, their 
percentages decrease, while the percentage of CO and H increase. In the 
gas space immediately adjacent to the coal bed provision has been made for 

2 

some volatile material to enter the gas stream; this is indicated by the 
sharp change in composition indicated by the dotted lines. In the cell 
banks as oxidation occurs, the percentage CO and H 

and H 0 increase. In the example shown on Figure 5, the hydrogen (H) to 

carbon ratio, H/C,  is 1.0. The oxygen (0) to carbon ratio at the inlet 
to the reactor is 1.67 and the system is considered to be isothermal at 
1200'K. 

2 decrease while CO 2 

2 

In addition to predicting the change in gas composition as it 
moves through the system the simulation provides the size reactor needed 
to generate sufficient gaseous products to attain an assigned power level, 
if a particular fuel, an inlet O/C ratio, a recycle rate (moles of CO and 

CO 

a percent fuel burnup, and a system temperature are specified. 
flowing through cell bank 1 per mole'of carbon C y  consumed in reactor), 2 

Figure 6 shows how the reactor size r^equired to gasify a g mole/ 
sec varies with conversion, for an inlet n o 8  value of 1.67 and a temperature 



of 1200'K. 
total theoretical power output of the system per g. mole / SEC gasified - 
also as a function of conversion. Two cases aye illustrated on the figure 
for reactor size: one correspondicg to plug flow conditiocs in the reactor; 
the other corresponding to perfectly mixed conditioss. The reactivity of 
the carbon in the bed itself was taken to be that for retort coke, acd 
published rate data for this material was used in the construction of 

Plotted on the same figure is a curve which represents the 

1 
4 

Figure 6 (10,11) < 

Figore 7 shows how a normalized gasifier size depends upon degree 
of conversion. Here the size of the reactor in grams per 130 theoretical 1 

' 1  
watts produced by the system is plotted vs the oxygen to carbon ratio, n:" 
This 1 

by power produced, each per g. mole gasified per second. The case presented 
in Figure 7 is for isothermal operation at 1200'K. 
1.25 and 1.67, are illustrated for both plug flow and perfectly mixed 
reactors. The gas flow in the cells is assumed to be plug flow ifi all ' 

cases. The size of a reactor for a particular configuration and inlet 
condition is obtained by locating the desired (n:), value on the abscissa 
and reading the ordinate for the appropriate curve. To demonstrate the 
e f f e r t  nf  tern?erettLre F i g - r e  e s h c ~ p  2 - I n +  r--- -f TPS~TCT 

I 

figure is obtained from the data on Figure 6 by dividing reactor size 

Two inlet (n') values, 

r e ~ c + - c r  size, 

size vs. the reciprocal absolute temperature for an inlet [c') of 1.67 and 
an outlet (n:) of 1.25. 

0 

In addition to such results obtained for isothermal operation, 
the simulation predicts system size and behavior under adiabatic conditions. 
In this case the net heat release by the exothermic reacticns apd T R 
losses in the cell banks contributes to increasing the sensible heat. 3f 

the circulating gases. The hested gases then pass through the reactor, 
losing heat to the endothermic reactions which occur there. 
simulation has shown that, depending on conversion and recycle rate, the 
temperature rise in the cells may exceed, balance, or be less than the 
temperature drop in the reactor, and careful design will be required to 
adjust effectively the various system parameters in order to attain a 
proper thermal balance. 

2 

The 

1 

i r. 
1 
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Discussion 

On the bases of the investigations both with present-day 
laboratory equipment and with the overall system simulation certain key 
problems have emerged which require solution before the proposed plant 
can be considered as a feasible power generation system. 
siderable incentive to seek out these solutions, however, because of the 
many desirable features such a plant would have, such as high overall 
efficiency, even for small sized plants, inherently simpler operation due 
to the lack of moving parts, and compact overall size. 

There is con- 

Some of the problems tonnected with the suggested coal gasifier 
have been discussed briefly in a previous section. Essentially these 

problems center around the fact that heat will have to be supplied to the 
reactor and that the gasification temperature is not spectaculatly high. 

Both of these factors indicate that a rather large scale reactor may be 
required compared to the idealized size obtained from the iso-thermal 
simulation. However Jolley, Poll and Stantan reporting on the fluidized 
gasification of non-caking coals with steam in a small pilot plant have 
shown that reasonably good heat transfer through the walls of the 

gasification chamber can be attained with as little an overall temperature 
driving force as 100°C.(8) 
much of the heat which is generated in the cell banks can be transferred 
directly to the reactor by conduction through separating walls. 
the temperature gradient required to do this is not excessive. 

This is encouraging in that it means that 

Moreover, 

In addition to this external heating of the gasifier, some 
measure of internal heating will be accomplished by means of the recycle 

stream, which serves as a heat-carrying fluid as well as a gasification 
agent. Preliminary indications are that the recycle molar flow rate will 

be three to six times larger than the amount of coal gasified per unit 
time. This means that a good portion of the endothermic heat of reaction 
can be provided by the recirculating gases. 

, The final solution to this problem remains still to be engineered, 
but for the reasons given above, there is some indication that a reasonable 
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answer may be found. resulting i n  a reactor size per theoretical watt 

approaching that given in Figure 7. 
The fuel cell batteries themselves are not finished products 

to be sure, and still require considerable development effort. Essentially 
this effort is directed towards extending the life of the devices, 
minimizing associated electrode polarization losses, and reducing cell 
costs. Considerable progress has been made on these problems and reports 
concerning this progress have been published by this laboratory. ( 6 )  

I f  these and other problems can be solved, the overall plant 

described in this paper provides a very attractive method for the 
gasification and utilization cf coal. Because it uses air as the 
oxidizing agent, this raw material cost is negligible. However, because 
only oxygen enters the major system process stream, the gasification step 
proceeds as if pure industrial oxygen had been used, with no nitrogen 
dilution of the gasified products. It is reported that the cost of 
oxygen represents about 40-60% of the raw material costs of gasification 

processes using industrial oxygen. (I5) 
gasification unit, the process offers the possibility of reducing a major 
portion of the raw material costs. 

Thus, if viewed only as a 

Tn n d d i t i - n n  r_n this s:.:inga, h-vc.:er, t C c  c::ract;-<e:ess of t:,r 

proposed scheme comes from the fact that the plant utilizes the gasified 
coal products in an extremely efficient manner. 
that the overall efficiency of the proposed plant in converting coal to 
electricity will be about 60%. (13) 
efficiencies of about 38-42%,  with very large installations required to 
attaih the higher figure. (’*) 
the cost of generating electricity by present-day techniques, the improved 
efficiency of the proposed plant represents a highly desirable improvement. 

It has been estimated 

Present day stations operate at 

Since fuel costs represent about 40-50% of 

Ln order to attain this efficiency however, certain demands on 
system performance will have to be met. Table I lists the projectcd 
system characteristics and operating conditions based on an economic 

optimization of the system as currently envisioned. ( I 3 )  

this study, it has been suggested that: 
On the basis of 

1) if bell-and-spigot cells with 

r 
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an internal resistance of 0.25 A can be made and fabricated into banks 

for $0.10 a cell; and 2) if a minimum payout time of 5 years can be used 
to recover the investment, return a profit, pay taxes, and provide 
maintenance (the cell life must obviously exceed 5 years), then coal- 
burning solid-electrolyte fuel-cell power systems can produce electrical 
energy at 5 mils/kw-hr; the system eftiriency will be 60%, and the 
current density in the cell banks, will be 71~2 milliamps/cm . 2 

TABLE I 

Projected System . Characteristics 

I Overall Efficiency 60-70% 

Cell Banks 
Current Density 
Cubic Feet per Kilowatt 

Reactor 
Volume per Kilowatt 

2 700 malcm 
0.3 ft3lkw 1 

0.1-5.0 ft3/kw 

System 
Recycle Ratio 3-6 
(moles recirculated per mole gasified) 
Percent Fuel Burnup 95-98% 

Cells have already been built which have an internal resistance 
of 0.3 fi . The cost of materials for these cells is about $0.004 for 
zirconia and $0.03 for platinum, and effort is being expended to find 
suitable replacements for platinum to further reduce this raw material 
cost. 
on H2 fuel. 
be in the making. If they can be attained, along with reasonable solutions 
to the coal reactor problems, the proposed plant offers much promise as a 
power generation station of the future. 

Cells have operated at 750 milliamps/cm2 for short periods of time 
These facts indicate that solutions to the cell problems may 
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Fig. 3 - Simplified coal burning fuel cell system 
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Figure 4 - Test Reactor 
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